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Effect of L i th ium on A g g r e s s i o n ,  Mania-  and Permse lec t ive  M e m b r a n e s  

The effect  of l i th ium ions on behaviour  has been estab-  
l ished beyond  doub t  dur ing  the  last  decade.  L i t h ium ions 
reduce aggressive behav ionr  in fish and roden ts  1, 2 and 
have  been  effect ive in the  t r e a t m e n t  of h u m a n  mania  3-6 
and beside th is  somet imes  even of h u m a n  depressionT-~~ 
Some biochemical  react ions  inf luenced by  l i th ium have  
been discussed in a review n,  such as inh ib i t ion  of carbo- 
hyd ra t e  transport~e,  ~ and  influence on cyclic AMP 
metabo l i sm ~4 and on the  combined  effect  wi th  dopami n e  
and vani l lyl  mandel ic  acid ~. However ,  the  impress ion 
remained  t h a t  a basic l ink is still  miss ing in the  explana-  
t ion  of the  physiological  effect  of l i th ium ions 1i. 

Behav iour  is control led by  the  nervous  sys tem.  The 
exc i ta t ion  wave  along the  neurons  and synap t ic  t rans-  
mission takes  place along and across t he  m e m b r a n e s  of 
neuron  and  synapsis .  I t  m a y  therefore  be pe r t i nen t  t h a t  
the  l i th ium ion a lso  has a s t rong effect  on cer ta in  ion- 
permselec t ive  m e m b r a n e s  which in some respects  resemble  
neural  m e m b r a n e s  and m a y  somet imes  serve as the i r  
s implif ied model.  

Permselec t ive  m e m b r a n e s  select ively allow the  passage 
of anions or cat ions  according to  whe the r  the  f ixed ionic 
groups wi th in  t h e m  are posi t ively  or negat ive ly  charged.  
Such m e m b r a n e s  made  of po lye thy lene -phosphon ic  acid 
increase the i r  res is tance f rom a few ohms  per cm 2 to some 
t00,000 ohms  when  they  are t rans fe r red  f rom an alkaline 
in to  an acid solution.  However ,  the i r  res is tance is also 
increased a 1000 fold in the  presence  of l i th ium ions, even 
in 1 N LiOH which  is s t rongly  alkaline 1~, 17. Their  phos-  
phonic  acid con ten t  de te rmines  how s t rongly  and in which  
p H  range resis tance changes  mos t  quickly wi th  pH.  The 
s t ronges t  p H  dependence  is of ten  in the  physiological  
range  of abou t  p H  7. 

The exp lana t ion  of these p h e n o m e n a  is as follows: 
Phosphon ic  acids gradual ly  deionize in acid media.  
Consequent ly  t h e y  also lose swelling water ,  and this  is the  
reason t h a t  the  n u m b e r  of aqueous channeIs  across the  
m e m b r a n e  and  hence the  conduc t iv i ty  decreases.  We  
found t h a t  these  m e m b r a n e s  are more  open  to Na  + t h a n  
to  K + in acid and  neu t ra l  p H  ranges 1~. This  means  t h a t  
the  size of t he  u n h y d r a t e d  i o n  de te rmines  pe rmeab i l i t y  
in th is  domain.  To confi rm th is  conclusion we also used 
Li+, as the  smal les t  alkali ion. Surprisingly,  it  was found  
to  'close' the  m e m b r a n e  s imilar ly  to H +, b u t  even in 
s t rongly  alkaline solutions. This m u s t  mean  t h a t  the  
small  Li+ ion is a t t r ac t ed  so s t rongly  by  the  p h o s p h a n a t e  
ion t h a t  it  loses  i ts  hull  of h y d r a t e  wa te r  molecules and 
becomes a t t ached  to  t he  p h o s p h o n a t e  ions. The la t te r  are 
thus  deionised, and also lose the i r  h y d r a t i o n  water ,  so t h a t  
the  m e m b r a n e  shr inks  and  its conduc t iv i ty  decreases 
s trongly.  I t  should be r emembered  t h a t  inorganic LisPO 4 
is also s l ight ly  soluble in water .  

The physiological  membranes  which surround neurons 
and  are responsible  for the i r  exc i tab i l i ty  a lways conta in  
phospha t e  groups bound  in the i r  phosphol ip ids .  I t  seems 
more  t h a n  p robab le  t h a t  some of these  p h o s p h a t e  groups 
reac t  wi th  Li+ s imilar ly  to the  phosphona t e  groups of our 
art if icial  membranes .  Al though  spiking of nerves  is only 

s l ight ly  impeded  when  Li+ is subs t i tu t ed  for Na+ in the  
ex te rna l  solut ion a round  an axon  is, the  recovery  per iod 
af ter  spiking is 10-25 t imes  longer in Li+ t h a n  in Na+ 
solut ions and  it blocks impulse  t ransmiss ion  in glan- 
glia 19, 20. The s imple  ionic combina t ion  of Li+ wi th  phos-  
pha t e  sites in the  phospho l ip id  m e m b r a n e  is p robab ly  
dependen t  on the  species of phosphol ip id .  One would 
assume t h a t  acidic l ipids like phospha t id i c  acid, phos-  
pha t idy l - inos i to l  or phospha t idy l - se r ine  combine  more 
s t rongly  wi th  Li + t h a n  the  ampho te r i c  species leci thin and 
p h o s p h a t i d y l - e t h an o l ami n e  in which  the  p h o s p h a t e  can 
be bound  to  a m m o n i u m  or amino  groups. This  could 
allow di f ferent  pa r t s  and  act ions of the  neuron to  be 
inf luenced by  Li + to a d i f fe rent  ex ten t .  Bu t  it  seems very  
probable  t h a t  Li+ increases tile electric res is tance of some 
nerve  m e m b r a n e s  in the  same way  as it increases the  
res is tance of our  art if icial  membrane ,  and  t h a t  nerve  
membranes  which  become sluggish in the i r  electro- 
physiological  behav iour  u l t ima te ly  also reduce more  
violent  psychological  effects.  

Zusammenfassung. Nachweis ,  dass  Li+-Ionen den 
e lekt r ischen W i d e r s t a n d  yon  pe rmse lek t iven  Membranen ,  
welehe P h o s p h a t g r u p p e n  en tha l ten ,  s ta rk  erh6hen.  Die 
be ruh igende  Wirkung  der  Li+-Ionen bei psych ischen  
St6rungen kSnnte d a m i t  zusammenh~tngen.  
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LSD Effects on S i g n a l - t o - N o i s e  Ratio and Lateral izat ion of Visual  Cortex and Lateral  Geniculate  
During  Phot ic  S t imulat ion  

Signal to-noise rat ios  and  modula t ion  per iod changes  la teral  phot ic  s t imulat ion.  More recent ly  this  au tho r  a 
of visual  cor tex  and la tera l  geniculate  b o d y  have  been  pos tu la ted ,  on the  same exper imen ta l  grounds,  t h a t  the  
descr ibed by  TREHUB1,2, dur ing  cont ra la te ra l  and  ipsi- bra in  func t ions  as a coheren t  signal de tec tor .  


